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Abstract：In consideration of the difficulty of monitoring internal deformation in dam model tests，a new optical 
fiber sensor based on fiber Bragg grating(FBG) technology has been developed. Quasi-distributed FBGs are 
installed on a slender bar(circular cross-section) along axial direction to make an FBG sensing bar. For the dam 
physical model in this study，FBG sensing bars can be embedded in predrilled holes within the dam structure and 
the dam foundation. When the dam is loaded by hydraulic jacks and dam deformations occur，the sensing bar 
works like an elastic beam under arbitrary transverse and axial loading. According to the bending beam theory，the 
distribution of both horizontal and vertical displacements can be calculated from the strains measured by the FBGs. 
The two sensing bars used in the test were calibrated in the laboratory before testing. The calibration results have 
shown that the displacements measured by the sensing bars were in good agreement with those obtained using 
other conventional gauges. Recently a two-dimensional gravity dam model was constructed and instrumented with 
two embedded FBG sensing bars，together with surface mounted displacement transducers and strain rosettes. In 
the overload test，all the sensors were used to perform real-time monitoring of the model dam deformation. Major 
monitoring results are presented，compared and analyzed. The displacements measured by the FBG sensing bars in 
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the dam model test are in good agreement with those from displacement transducers. The test results also reveal 
the deformation mechanism and failure mode of the gravity dam. 















































ΛneffB 2=λ                  (1) 
式中： Bλ 为反射光的中心波长，一般为 1 510～ 








图 1  光纤布拉格光栅工作原理 











       (2) 
式中： Bλ∆ 为中心波长的变化量； B0λ 为不受外力、
温度为 0 ℃时该光栅的初始中心波长； ε∆ 和 T∆ 分
别为光纤光栅所受的应变和温度的变化量；α ，ς
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其中， 
ςαε +=−= Tcpc ，eff1  
对于普通的石英光纤光栅而言， εc 和 Tc 分别为



























图 2  实验室内光纤布拉格光栅的相位掩模法写入 








































(a) 变形前                (b) 变形后 
图 3  棒式光纤传感器工作原理示意图 





在实践中一般采用 100 mm 左右的光栅间距。 
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的四通道光纤光栅解调仪 sm 125 进行自动采集。











好的相关线性，相关系数 2R 接近 1。试验中未发现
任何的读数迟滞或疲劳现象，说明光纤光栅可以制
成性能优异的位移传感器。根据图 4(a)的结果，可
得到该光栅率定值为 1.497 2 nm/mm，初始中心波
长 0Bλ 为 1 544.3 nm。在挠曲试验中，棒式光纤传感
器和位移计的读数较为吻合，如图 4(b)所示。在试






































图 4  棒式光纤传感器标定试验典型结果 
























图 5  重力坝模型超载试验监测布置 















 y = 1.497 2x+1 544.3 
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成，坝基模拟深度为 1 倍坝高。砌块单块尺寸为 10 
cm×10 cm×5 cm，主要由重晶石粉、机油及掺合料


















体的挠曲)。为此布置了 14 个水平方向和 6 个竖直
方向的差动变压器式位移计(LVDT)。位移计的读数




























的水平推力，约 10 min 后所有传感器读数完全稳定，
开始第一次应变和位移值的采集。之后施加的荷载
依次为 0.8 q，1.0 q，1.2 q，1.4 q，1.6 q，……，直
至大坝发生完全破坏为止。 
在试验过程中观测到的模型变形和破坏形态










下的主张拉裂缝已达 6 mm 以上。由于坝基为砌块
砌筑而成，所以位移均发生于薄弱的砌块接缝处，
见图 6。由以上分析可以推测，大坝的初裂超载系






图 6  重力坝模型超载破坏形态 
Fig.6  Overload failure mode of the gravity dam model 
 































图 7  模型坝体内部变形的棒式光纤传感器监测结果 




































图 8  模型坝基内部变形的棒式光纤传感器监测结果 
Fig.8  Dam foundation deformation monitored by the 









图 9  坝趾下最大水平位移监测结果比较(坝基表面 
下 50 mm 处) 
Fig.9  Comparison of monitored maximum horizontal 
displacements under the dam toe(50 mm below 






形几乎都在地基 50 mm 深度处的砌体接缝发生。界
面传递过来的位移使得棒体在该处发生应变集中。
因而靠近该处的 2 个光纤光栅的响应最大，而其他
距离稍远的 8 个光栅反应很小。由于 10 个光栅均布



















































































































之间也会发生偏差。如在 7 倍超载时，坝基 150 mm
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